A strictly anaerobic, extremely halophilic, Gram-positive, rod-shaped bacterium was isolated from the hypersaline (.20 % NaCl) surface sediments of Sehline Sebkha in Tunisia. The strain, designated 1Sehel
pH range for growth (pH 5.2-9.4) . It grew at temperatures between 20 and 50 6C with an optimum at 43 6C. Strain 1Sehel T required yeast extract for growth. The isolate fermented glucose, galactose, fructose, glycerol, mannose, maltose, ribose, pyruvate and sucrose. The fermentation products from glucose utilization were lactate, acetate, formate, ethanol, CO 2 and H 2 . The G+C ratio of the DNA was 32.7 mol%. The major fatty acids were C 15 : 1 v6c/7c, C 16 : 1 v7c, C 16 : 0 and C 15 : 0. On the basis of phylogenetic and physiological properties, strain 1Sehel T (5DSM 25582 T 5JCM 18213 T ) is proposed as the type strain of Halanaerobium sehlinense sp. nov., within the family Halanaerobiaceae.
Most of the extremely halophilic anaerobic members of the Bacteria were isolated from anoxic hypersaline environments . Among them, three bacterial groups are well represented: the fermentative bacteria belonging to the families Halanaerobiaceae, (Oren et al., 1984) and Halobacteroidaceae (Rainey et al., 1995) and the phototrophic sulfur-oxidizing bacteria of the family Ectothiorhodospiraceae (Imhoff, 2005) . Among the family Halanaerobiaceae, the genus Halanaerobium has, at the time of writing, the largest number of described species, which include: Halanaerobium praevalens (Zeikus et al., 1983) , Halanaerobium acetethylicum (Rainey et al, 1995) , Halanaerobium alcaliphilum (Tsai et al., 1995) , Halanaerobium lacusrosei , Halanaerobium saccharolyticum subsp. saccharolyticum (Zhilina et al., 1992) , Halanaerobium saccharolyticum subsp. senegalense (Cayol et al., 1994) , Halanaerobium congolense (Ravot et al., 1997) , Halanaerobium salsuginis (Bhupathiraju et al. 1994) , Halanaerobium fermentans (Kobayashi et al., 2000) and Halanaerobium kushneri (Bhupathiraju et al. 1999) .
Members of the family Halanaerobiaceae have been isolated from surface saline ecosystems such as the Dead Sea, marine salterns, cyanobacterial mats and hypersaline lakes .
Here, we report on the isolation of a novel mesophilic anaerobic bacterium belonging to the family Halanaerobiaceae that has distinct phenotypic and phylogenetic enabling its assignment to a novel species of the genus Halanaerobium within this family.
Sediment samples were collected at 20 cm from the surface of the hypersaline Sehline Sebkha located in the northern part of Tunisia. Samples were dispatched on the day of collection in sterile bottles and stored in ice boxes in the laboratory. Strict anaerobic procedures were followed for isolation and culture of micro-organisms (Hungate, 1969 : 20 (v/v) ] and subsequently sterilized by autoclaving at 110 u C for 20 min. Before inoculation, 0.1 ml 10 % (w/v) NaHCO 3 , 0.1 ml 2 % (w/v) Na 2 S . 9H 2 O, 0.1 ml 10 % MgCl 2 . 6H 2 O and 0.1 ml 1 M glucose (20 mM final) were injected from sterile stock solutions into tubes containing 5 ml culture medium.
A 0.5 ml aliquot of the sample was inoculated into the Hungate tubes that were subsequently incubated at 37 u C. To obtain pure cultures, the enrichment was subcultured several times under the same growth conditions prior to isolation. For isolation, the culture was serially diluted tenfold in roll tubes (Miller & Wolin, 1974) containing the same culture medium supplemented with 2 % (w/v) agar. Several colonies developed after incubation at 37 u C and were picked separately. Colonies were round with entire edges, smooth, flat, opaque and yellowish-cream with diameters ranging from 0.5 to 0.75 mm after 3 weeks' incubation at 37 u C. The process of serial dilution was repeated several times until the isolates were deemed to be axenic. Several strains were isolated; their morphologies and metabolic profiles were similar and the same phylogenetic inference was obtained for all of them. Two strains designated 1Sehel T and 2Sehel were selected and used for further metabolic and physiological characterization.
Methods for purification of DNA, PCR amplification and sequencing of the 16S rRNA gene were as described previously (Ben Dhia Thabet et al., 2004) . The partial sequences generated were assembled using BioEdit v. 5.0.9. (Hall, 1999) and the consensus sequence of 1516 nt was corrected manually for errors. The most closely related sequences in GenBank (version 178), the Ribosomal Database Project (release 10) identified using BLAST (Altschul et al., 1990 ) and the Sequence Match program (Cole et al, 2009) were extracted and aligned. The consensus sequence was then manually adjusted to conform to the 16S rRNA secondary structure model (Winker & Woese, 1991) . Nucleotide ambiguities were omitted and evolutionary distances were calculated using the Jukes and Cantor option (Jukes & Cantor, 1969) . Dendrograms were constructed with TREECON program using the neighbour-joining method (Saitou & Nei, 1987) . Tree topology was re-examined by the bootstrap method (1000 replications) of resampling (Felsenstein, 1993) . Its topology was also supported using the
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Halobacteroides halobius DSM 5150 T (U32595)
Halanaerobium salsuginis ATCC 51327 T (L22890) On the basis of 16S rRNA gene sequences analyses, strains 1Sehel T and 2Sehel were species of the genus Halanaerobium (Fig. 1) . Their closest phylogenetic relatives were H. acetethylicum (99.1 %), H. saccharolyticum subsp. senegalense (99.0 %), H. kushneri (99.0 %), H. praevalens (98.4 %), H. congolense (98.0 %), H. lacusrosei (97.2 %) and H. alcaliphilum (96.8 %). The results of DNA-DNA hybridization showed that strain 1Sehel T does not belong to H. praevalens nor to any of the species H. acetethylicum, H. congolense, H. alcaliphilum, H. lacusrosei, H. kushneri, H. saccharolyticum subsp. senegalense or H. saccharolyticum subsp. saccharolyticum when the recommendations of a threshold value of 70 % DNA-DNA similarity for the definition of bacterial species by the ad hoc committee (Wayne et al., 1987) are considered ( Table 1 ) and confirmed that strain 1Sehel
T represented a novel species. Strain 1Sehel T was selected as the type strain.
Growth experiments with the two strains were performed in duplicate, using Hungate tubes containing the basal medium. The pH, temperature and NaCl concentration ranges for growth were determined using basal medium. The pH of the medium was adjusted by injecting aliquots of anaerobic stock solutions of 1 M HCl (acidic pHs), 10 % NaHCO 3 or Na 2 CO 3 (alkaline pHs) (to test pH between 5.2 and 9.4) into Hungate tubes and checked after autoclaving. Water baths were used for incubating bacterial cultures from 20 to 50 u C, at increments of 5 u C. To study the requirement for NaCl, NaCl was weighed directly in the tubes (5-30 %) before the medium was dispensed. The strains were subcultured at least twice under the same experimental conditions before the growth rates were determined. Acetate, pyruvate, lactate, maltose, xylose, 80 : 20) in the presence of acetate as carbon source (2 mM acetate) was tested at 2 bars. At the same time, growth on these substrates was tested for other species of the genus Halanaerobium. Elemental sulfur (1 % w/v), sodium sulfate (20 mM), sodium thiosulfate (20 mM), sodium sulfite (2 mM), sodium nitrate (10 mM) and sodium nitrite (2 mM), were tested as terminal electron acceptors. H 2 S production was determined photometrically as colloidal CuS by using the method of Cord-Ruwisch (1985) .
Bacterial growth was monitored by measuring the increase in OD 580 by insertion of Hungate tubes into the cuvette holder of a spectrophotometer (Cary 50, Varian). End products of metabolism were measured by HPLC and GC of the gases released after 2 weeks of incubation at 37 u C (Fardeau et al., 2000) .
Cellular morphology and purity of the strains were assessed under an Optiphot (Nikon) phase-contrast microscope. For transmission electron microscopy studies, cells were negatively stained with sodium phosphotungstate, as previously described (Fardeau et al., 1997) . The presence of spores was checked by microscopic observation of cultures and pasteurization tests performed at 80, 90 and 100 u C for 10 and 20 min.
Cells of strains 1Sehel
T and 2Sehel stained Gram-positive with a typical Gram-positive cell envelope profile (Fig. 2b) .
Strains 1Sehel
T and 2Sehel were non-motile rod-shaped bacteria, occurring singly or in pairs, of approximately 3-10 mm in length and about 0.5-0.8 mm in diameter (Fig. 2a ).
Spores were not observed, and no growth was obtained after pasteurization at 90 u C for 10 min
The phenotypic characteristics of strain 1Sehel T (or 2Sehel) are listed in Table 1 in comparison with other species of the genus Halanaerobium and in the species description. The isolates required yeast extract or biotrypticase for growth which could not be replaced by the vitamin mixture of Balch et al. (1979) Miller (1982) with the modifications of Kuykendall et al. (1988) and analysed by gas chromatography (model 6890N, Agilent Technologies) using the Microbial Identification System (MIDI, Sherlock Version 6.1; database, TSBA40). DNA was isolated and purified by chromatography on hydroxyapatite using the procedure of Cashion et al. (1977) and the G+C content was determined at the DSMZ by using HPLC as described by Mesbah et al. (1989) .
The G+C content was 32.7 mol%, which is consistent with the G+C content reported for the genus Halanaerobium ( Table 2 ). The complete fatty acid profiles of strain 1Sehel T , 2Sehel and five other species are given in Table S1 (available in IJSEM Online). The major fatty acids of strains 1Sehel
T and 2Sehel were C 15 : 1 v6c/7c, C 16 : 1 v7c, C 16 : 0 and C 15 : 0 . The proportion of several fatty acids differed significantly between the strains 1Sehel T and 2Sehel and the other strains.
Therefore, on the basis of phylogenetic inference and phenotypic characteristics, we propose that strain 1Sehel T represents a novel species within the family Halanaerobiaceae, Halanaerobium sehlinense sp. nov.
Description of Halanaerobium sehlinense sp. nov.
Halanaerobium sehlinense (seh.lin.en9se. N.L. neut. adj. sehlinense referring to Sehline, the lake where the bacterium was recovered).
Cells are rods approximately 3-10 mm in length and about 0.5-0.8 mm in diameter, occurring singly or in pairs. Growth occurs at 20-50 uC, (optimum, 43 uC), at pH 5.2 to 9.4 (optimum, pH 7.4) and at NaCl concentrations ranging from 5 % to 30 % (optimum, 20 %). Yeast extract is required for growth. Glucose, galactose, fructose, glycerol, mannose, maltose, ribose, pyruvate, sucrose, yeast extract and biotrypticase are used as electron donors, but H 2 : CO 2 , or H 2 : CO 2 in the presence of acetate are not. The main fermentation products from glucose metabolism were lactate, acetate, formate, ethanol, CO 2 and H 2. Under optimal growth conditions on a glucose medium, the doubling time was 2.2 h. Anaerobic. Sulfate, thiosulfate, elemental sulfur, sulfite, nitrate and nitrite were not used as terminal electron acceptors. The major fatty acids are C 15 : 1 v6c/7c, C 16 : 1 v7c, C 16 : 0 and C 15 : 0.
The type strain, 1Sehel
T (5DSM 25582 T 5JCM 18213 T ), was isolated from the hypersaline surface sediments of Sebkha Sehline, Tunisia. The G+C content of the genomic DNA of the type strain is 32.7 mol%.
